Human and animal fungal pathogens are a growing threat worldwide. They lead to emerging infections and create new risks for established ones. As such, there is a growing need for the rapid and accurate identification of mycoses agents to enable early diagnosis and targeted antifungal therapy. An international consortium of medical mycology laboratories was formed in order to establish a quality controlled ITS database under the umbrella of the ISHAM (International Society for Human and Animal Mycology) working group on 'DNA barcoding of human and animal pathogenic fungi'.
The new database provides the medical community with a freely accessible tool via http://www.isham.org/ or directly at http://its.mycologylab.org/ to rapidly and reliably identify most mycoses agents. The average intra-species variation of the ITS sequences currently included in the database ranges from 0 to 2.25%, highlighting the fact, that the ITS region on its own is insufficient for the reliable identification of certain pathogenic fungal species.
The number of human and animal mycoses, ranging from superficial to invasive fungal infections, has significantly increased over the past three decades, causing serious public health burdens and increased risk of biodiversity loss among animal species 1, 2 . To better understand, control and treat fungal infections, more rapid and accurate identification of the causal agents is essential. Traditional identification based on morphology and biochemistry is time-consuming and requires morphological and taxonomical expertise. To overcome these limitations, DNA barcoding offers a practical approach for species identification, which is less demanding in terms of taxonomical expertise. DNA barcoding consists of using short sequences (500-800 bp) for the identification of organisms at species level by comparison to a reference collection of well-identified species. The concept of barcoding is that species identification must be accurate, fast, cost-effective, culture independent, universally accessible and feasible for non-experts. The principles of barcoding are that: (i) interspecies variation should exceed intraspecies variation, to create a barcode gap 3 , and
(ii) identification is straightforward, when a sequence is unique to a single species and constant within each species 4 .
ITS as the current official DNA barcode for fungi
The current official fungal DNA barcode In Focus
Establishment of the ISHAM-ITS reference database
To address these issues, a working group of the International Society 
ITS intraspecies variation
The average intraspecies genetic diversity of the ITS region in medically relevant fungal species contained in the ISHAM-ITS database ranges between 0 and 2.25%, but in 170 species it is less than 1.5%. In 138 species it is less than 0.5%, in 27 species it ranges, between 0.5-1.0%, in five species (Exophiala bergeri, Millerozyma farinosa, Histoplasma capsulatum, Candida pararugosa and Paracoccidioides brasiliensis) between 1.01-1.5%, in four species (Candida intermedia, Galactomyces candidus, Fusarium solani and Kodamaea ohmeri) 1.5-2.0%, and in two species (Lichtheimia ramosa and Clavispora lusitaniae) it is more than 2% (Figure 1 ). . Intraspecies diversity in medical fungi may be due to intra-genomic polymorphisms.
ITS interspecies variation
In 13 taxa, sharing the same phylogenetic clades, a clear barcoding gap (K2P 9 distance) was detected. This means that the highest intraspecies distances were smaller than the lowest genetic distances between species, generating a 'barcoding gap'. An example of taxa with and without barcoding gap is shown on Figure 2 For Cryptococcus neoformans and C. gattii the variation is given for the major molecular types/potential species (VNI-VNIV and VGI-VGIV). The error bars indicate the standard deviation of nucleotide differences.
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Fusarium, Scedosporium and Trichophyton. In these taxa, the correct identification to the species level may be problematic when only using the ITS region as a genetic marker. As such, additional genetic markers and/or molecular methods are required.
Linking the ISHAM-ITS database to GenBank and UNITE In Focus
